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(57) Pe<J)epaT: 

othochtca k o6nacTM 

MeflUL^MHbl, a MMBHHO K HGMHBa3HBHOMy 
MOHMTOpMHry KOHHBHTpamiM mK)K03bt B KDOBM 

HenoBeKa. Onpefle/iwoT KOHueHTpaijMK) rnK>K03bi 
B KpOBM C nOMOU^bK) M3MepwTextbHoro 
ycTpoMCTBa, npn stom npoaoflWT HenpepbiBHbiw 

MOHMTOpMHr KOHLjeHTDa LJM M l71K)K03bl B KDOBM 

nyTeM M3MepeHnn b o6nacTM noBepxHOCTHbix 
BeH ronoBbi TennoBbix noTOKOB flaiMMKOM 

M3MepMTeJlbH0rO yCTpOMCTBa, a KOHL4eHTpaL4MK) 

mioK03bi (Xg*) onpeA6JiflK>T no <Jx>pMyne 
X g "=Xi*+X 2 *, r A e Xi*= W Tn (s)X T *. 
X 2 *=K n W m (s)X n *, rfle X T * - 6e3pa3MepHoe 
OTK/iOHeHH© TeMnepaTypbi ot ycTaHOBMBweroca 
3HaMeHM«, X n* - 6e3pa3MepHoe oncnoHeHMe 
TermoBoro noTOKa ot ycraHOBMBiuerocH 



3HaHeHMji, W- m (s)=1/(T Tn s+1) - nepeAaTOMHa* 

4>yHKlJMR KOHl^eHTpaLJMM ITllOKOSbl B KDOBM no 

TeMnepaTypo m TennoBOMy noioKy, T Tn - 
3KcnopnM8HTanbHO onpe A onfleMa« nocroaHHaa 
BpeMeHM nepexoAHoro npoLiecca, Kn 
3KcnepMMeHTanbH0 onpe A enfleMbifl 
6e3pa3MepHbi« KOScJxtymMeHT, s=d/dt - onepaTop 

AMC|x|)epeHl4MpOBaHMfl. B K3M6CTB8 A3TMMK0B 

TeMnepaTypbi ncnonb3yK)T Z - TepMMCTopbi, 
KOTopbie npMJKMMaiOT k noBepxHocTM ronoBbi c 
noMombK) ynpyroro sneMeHra m M3onMpyKn ot 
BHeiiiHefl cpeAbi TermoBOM" MaonfluweM, a 
CMmann3aijMK> o KOHLieHTpaijMM r/iK>K03bi 
ocyu^ecTBn^K>T c noMoujbK) TOHanbHoro cum ana 
m AMcrinea. Cnoco6 oSecneMMBaeT noBbiiueHne 
tomhoctm onpeAeneHMH KOHijeHTpaMMM rnioK03bi 
b kdobm. KpoMe Toro, OH npOCT B MCnonHSHMM. 
2 3.n. 4>-nbi, 2 nn., 2 Ta6n. 
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(54) METHOD FOR DETERMINING GLUCOSE CONCENTRATION IN NONINVASIVE WAY 



(57) Abstract: 

FIELD: medicine. SUBSTANCE: method 
involves determining blood glucose 
concentration by means of measuring 
instrument. Continuous blood glucose 
concentration monitoring is carried out by 
measuring heat flows in the area of head 
superficial veins by means of measuring 

instrument transducer. Glucose concentration 

((X9)) is calculated from a formula = XT+)4 

where XT = W Thf (s)Xf, X* = K^W^s))^,, 

where Xf - the dimensionless temperature 

from steady state value, Xhf - the 
dimensionless heat flow deviation from 



steady state value, W Th f(s) = 1/(T Thf x S+1) is 
the transition function of blood glucose 
concentration with respect to temperature 
and heat flow, T-^f is the experimentally 
stated transient process time constant is 
the experimentally stated dimensionless 
coefficient, s = d/dt is the differentiation 
operator. Z- thermistors are used as 
temperature pickups pressed against head 
surface by means of elastic member and 
insulated from ambient space by means of 
heat insulation members. Glucose 
concentration information is represented by 
means of tonal signal and display unit. 
EFFECT: enhanced accuracy of measurements. 3 
cl, 2 dwg, 2 tbl 
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M3o6peTeHMe othocmtc* k o6nac™ 

MeAHL^UHbl, a MMeHHO K HeMHBa3MBHOMy 
MOHMTOptlHry KOHljeHTpaLJVUI miOK03bl B KDOBM. 

B HacTOfluiee BpeM* c Ljenwo AnamocrviKM 
caxapHoro Awa6eTa onpeAensuoT KOHueHTpai^MK) 
rn>OK03bi b kdobm nenoBeKa m6o nyTeM 
npoBeAeHkin 6M0XMMMHecjcoro ananMsa 
HexoToporo KonMMecrBa B3«Tofi y natjMeHTa 
KpoBM b ycnosnRx KnMHMMecKofl na6opaTopnn, 
jih6o c noMomwo npM&bpa mioKOMOTpa, 

CHa6)K©HHOT0 HyBCTBMTenbHOfl K mt0KO39 KDOBM 

TecT-nonocxofl c noMeu46HHort Ha Hefl rennet* 

KDOBM naUHBHTa (MHBB3MBHblM MBTOfl) (/IT. 

Ma30Bei4KMfl, B.K. BennKOB. CaxapHwfi ana6ei t 
M.: MeflML;MHa, 1987). Ha ocHOBaHMM 
pe3ynbTaTOB onpeAeneHM* KOHuempaLiMM 

m»K03bl B KpOBM ynOMflHyTbIM MBTpflOM 

AnarHOCTwpyioT caxapHWM" flna6eT. 

3TOT MBTOfl OCHOBBH Ha Heo6xOflMMOCTM 

3a6opa kpobh y naijMeHTa. 

Vl3BecTeH cnoco6 Ann HenHBa3HBHoro. 
onpeABneHMfl r/iK)K03b4 b mbctrx HenoBBMecKOK) 
Tena (naTem CLUA 5.795.305 ot 18.08.98 US 
Class 60/549; 600/316). Cnoco6 ocnoBaH Ha 
onpeAeneHMM c noMomwo M3MepMTenbHoro 
ycTpoMCTBa TBMnepaTypbi m Tennon3/iyMeHvin 
MenoBeMecKoro Tena (Ha nosepxHOCTM m b 
nonocTHX Tena) m HanMHMM KoppenmjMM Me>KAy 

KOHI^BHTpai^VieV^ mK)K03bl B KDOBM M 

TeMnepaTypoM Tena. CooTBeTCTByramufi 
anropHTM nosBonneT npeo6pa30BaTb AaHHbie, 
nonyMeHHbie npn n3MepeHHM TeMnepaTypw, b 
3HaneHvi« KOHi^eHTpa ljm m rntOK03bi b Macrox 
MenoBeMecKoro Tena m b kdobm. 

HeAOCTaTKOM 3toto cnoco6a HBnaeTCfl 
HeAOCTOBepHocTb onpeAeneHMH TeKymeft 
KDHL^eHTpat^MM rniOK03bi b KpOBM nenoBeKa. B 
nepByjo onepeAb, sto CBfl3aH0 c 
ncnonb30BaHneM c^DeHOMeHonornMecKM He 
ooocHOBaHHoro anropMTMa cbr3m AHHaMUMeooix 
napaMeTpoB M3Mepenn« - TeMnepaTypw, 
TennoMdnyneHvin m KOHLjeHTpaijHM rmoK03bi, 
ocHOBaHHoro Ha ycTaHOBneHMW KoppenmiMOHHbix 
3a b n cm moct6# nepeMeHHbix Ha 6a3e nMHeviHoro 
perpeccHOHHoro aHann3a. 3tot anropMTM He 
onnpaeTCH Ha MaTeMaTkiHecKyio MOflenb 
yrneBOAHoro oowieHa, He yMHTbiBaeT BnMHHMfl 

MHAHBMAyanbHbDC 4>aKTOpOB Ha M3MeHeHMfl 

TeMnepaTypw. AnropMTM CB«3WBaeT TonbKO 
TeKymyra KOHi^eHTpaL^K) rn»OK03bi b kpobm c 
TeKymevi TeMnepaTypotf m He nosBonneT 
ocymecTenHTb ynpe)KAaiomyK> CMmanM3ai4Mio 06 
onacHbix KOHqeHTpai^MHX rn»OK03w b kdobm. 
KpoMe Toro, b ynasaHHOM cnoco6e m anropMTMe 
BbiMMcneHMR He M3MepneTC« m He wcnonb3yeTcn 
KOHAyKTMBHbiPi noTox Tenna ot Tena MenoBeKa. 

Hawoonee 6nM3KMM aHanoroM (npoTOTMnoM) 
ABnneTcn cnoco6 HeMHBa3MBHoro m3mbpghmh 
KOHi^eHTpai^MM mioko3bi b kdobm, 
npeAycMaTpMBaioiAMrt oonyMeHMe KpoBeHocnbix 
cocyAOB KonnMMMpoBaHHbiM M3nyneHMeM 
nonynpOBOAHMKOBoro nasepa, b kotopom 
perMcrpMpyioT nornomeHHoe, paccenHHoe m 

AM4>4)y3M0HH0 OTDa)KeHHOe KDOBbK) M3ny4eHM6 
M3MepMTenbHbiM yCTpOMCTBOM, BiOllOMaiOtAMM 

6noK MHTerpai^MM, ABTeKrop, noAKmoMeHHWH" K 
aHanoroH4Mc|)pOBOMy npeo6pa30BaTenio, 
AMcnneii m AP- (RU 2122208 C1, kji. G 01 N 
33/49, A 61 B 5/00, n.20.11.98). 

H3BecTHbiH" cnoco6-npOTOTnn no3Bon«eT 
ocymecTBnflTb Hen HBa3M bhob M3MepeHMe 
KOHi^eHTpai^MM rn»OK03bi b kdobm, hto nsnfleTcw 

HeCOMHBHHblM AOCTOMHCTBOM, HO MM6BT p«A 

HeAOCTaTKOB: 

1) OTnMMaeTC« CnO)KHOCTbK) KOHCTpy Kl^MM 



Mcnonb3yeMoro ycrpOMCTBa m cnojKHocTbio ero 
npMMeHeHMfi; 

2) He no3eonfleT AOCTMMb wenaeMO^ 

TOMHOCTM npM M3Mep6HMM KOHt^eHTpai^MM 

rn>0KO3bi b kdobm; 
5 3) ho nosBonneT ocyiAecTBnRTb 

ynpe>KAaK)iuyK> CMmann3ai4MK> 06 onacHbix 
HapytueHMJix yrneBOAHoro o6MeHa - noporoBbix 

nOBblLUeHMM MHM nOHMJKeHMM KOHl^eHTpai^MM 

rni0K03bi b kdobm; 
1Q 4) He rro3BonneT ocymecTBnflTb 

HenpepblBHblfl MOHMTOpMHr KOHLteHTpai^MM 
mK)K03bl B KDOBM. 

3aAaMeR npeAnaraeMoro M3o6peTeHM« 
nenneTCfl co3AaHMe HBMHBa3MBHoro cnoco6a 
onpeAeneHMfl KOHMeHTpauMM rnK>K03bi b kdobm, 

15 KOTOpblfl n03BOn«eT nOBblCMTb TOMHOCTb 

onpeAeneHMR, ocyiAecTBnnTb HenpepwBHbift 

MOHMTOpMHr KOHl^e HTpa L|M M M)OK03bl B KDOBM, 

ocyiAecTBnnTb ynpe>KAa»oiAyio CMmanM3ai4MK> 06 
onacHbix HapyuueHM«x yrneBOAHoro o6MeHa - 
noporoBboc noBbiuieHMM MnM .noHMxteHMM 
20 KOHi^eHTpai^MM rnioK03bi b kdobm, m 6yAeT 

OTflMMaTbCfl nDOCTOTOM M HaAe>KHOCTbK). 

PeuieHMe nocTaBneHHof^ 3aAaMM AOCTMraeTcn 
npeAnaraeMbiM cnocoooM HenHBa3MBHoro 
onpeAeneHMfl KOHt^eHTpai^M m rn»OK03bi b kdobm, 
BKmonaioiAMM Mcnonb30BaHMe M3MepMTenbHoro 
25 ycTpoMCTBa, b kotodom npOBOAflT HenpepWBHwv^ 

MOHMTODMHr KOHI^eHTpai^MM mK3K03bl B KDOBM 

nyreM M3MepeHMq b o6nacTM nosepxHocTHbix 
Ben ronoBw TeMnepaTypw Tena m KOHAyKTMBHbix 
TennoBbix noTOKOB c noMOU4bK> AaTHMKOB 
20 M3MepMTenbHoro ycTpoMCTBa, a KOHi4eHTpaqMK> 
rnK)K03bi (X*g) onpeAenflWT no c}x)pMyne: 

X*g=X*1+X*2, 

r A e X-^WtrXsPCt. X- 2 =KnW T n(s)X* n , 

tab X*t - 6e3pa3MepHoe oTtcnoHeHMe 

TeMnepaTypw ot ycTaHOBMBUJerocn 3HaMeHM«, 
35 X*n - 6e3pasMepHoe OTKnoneHMe TennoBoro 

noTOKa ot ycTanoBMBiuerocfl 3HaMeHMfl, 

WTn(s)=1/(T T nS+1) - nepeAaTOMHan 4>YHKUMn 

KOHL^eHTpai^MM rniOK03bi b KpOBM no TeMnepaType 

m TennoBOMy noTOKy, 
40 Kn - 3KcnepMMeHTaribHO onpeAenneMbiM 

6e3pa3MepHbiM Koa^x^ni^MeHT, 

s=d/dt - onepaTop AH(|x^epeHL4M poBaHMA, 
Tin - 3KcnepMMeHTanbHO onpeAenneMan 

nocTOflHHaa BpeMeHM nepexoAHoro npOMecca. 
B KawecTBe abtmmkob TBMnepaTypbi 

*5 Mcnonb3yK)T Z-TepMMCTOpbl, KOTOpbie 4>MKCMpyiOT 

Ha noBepxHocTM rpnoBbi c noMOiAbK) ynpyroro 
sneMeHra m MSonMpywT ot BHeiuHeM cpeAbi 
TennoBOM M3onnt4Me>). 

CMmanM3ai4MK) p KOHtjeHTpaLiuM rntOK03bi 
£Q ocymecTBnniOT c noMombK> TonanbHoro CMmana 
m Ancnnea. 

npeAnaraeMbiM cnocoS 6bin pa3pa6oyaH Ha 
OCHOBe TeODBTMMeCKMX m sKcnepMMeHTanbHbix 
MccneAOBaHMfi npoi^ecca 6moxm MMHecKoro 
npeBpameHMfl .rnK>K03bi b kdobm nenoeeKa c 
55 noMombK) M3MepeHMM TeMnepaTypw m TennoBbix 
noTOKOB B6nM3M ronoBHoro M03ra b o6nacTM 
noBepxHOCTHbix BeH ronosw, to ecTb b o6nacTnx 
MaKCM ManbHO npM6nM^<eHHbix k 

3HepreTMMeCKOMy MCTOHHMKy MHTeHCMBHOrO 

OMOXMMMMecKoro npeBpatneHM* rn»0K03w - 
60 ronoBHOMy M0317. B ocHOBy stmx MCcneAOaaHM m 
6binM nonomeHW MSBecTHbie 

4>eHOMeHonorMMecKMe npeAcraBneHMfl 06 
onpeAenflKHneM ,ponM qeHTpanbHoR nepBHOM 
CMcreMW b o6ecneMMBaK>meM Heo6xoAMMbiv* 
ypoBeHb aKTMBHOCTM o6MeHHbix npoL^eccoB 
ynpaBneHMM MeTa6onM3MOM icneTOMHWX 



o&beMOB BHyTpeHHHx opraHOB Tena 
nocpeflCTBOM pery/inpoBaHMs MHTeHCMBHOc™ 
rn»OK03Horo oo"MeHa m TeMnepaTypw npoTeKaHMfl 
6noxMMMMecKMX npeBpameHMfi rnioKosw b 
opraHM3Me MenoBeica m, b MacTHOc™, b ero 
tojiobhom M03ry (r.YnbMep, O.BanbAeK, OXapT, 
r.TeBC. OM3Monornfl MenoBeKa. - M.: Mnp, 
1986, t.4, 312 a). Cb«3m stmx npoi^eccoB 

MO>KHO npeflCTaBMTb B BHA6 C^yHKl^liOHaJIbHOM 

cxeMbi (cm. cjwr.1). npM stom npaAnonaranocb, 

MTO 33flaHH0e Lf6HTp3JlbH0fl HepBHOfi CMCTGMOM* 
3HaH6HMe KOHL^eHTpaLiMM miOK03W B KpOBM 

ycTaHaBHHBaeTCJi no OKOHHaHMM CBOHCTBGHHoro 
6ojibLUMHCTBy flM H2MM MecKnx xapaKTGpMCTMK 
opraHM3Ma MGnoBGKa anepnoflMnecKoro 
nepexoAHoro npoLjecca . (fO.r.AHTOMOHOB, - 
C. M. Ke<Jx)peHKO, H.A. MMKynbCKa*. 

M.K.riapoKOHHa«. MaTGMaTMMGCKa* tgopma 
cmctgmw caxapa kpobh. - Kmgb: HayraBa AyMica, 
1971, rn. 2, SneMeHTW Teopwn, c. 15-26. ). 
flpvi npoBefleHMH nccneflOBaHMM npMMeHeHa 
Kow»nbK)TepHafl o6pa6oTKa . nonyMaeMbix 
sKcnepMMeHTa/ibHbix AaHHbix Ann HaxoxcAeHMH 
Bsa n mocbh3m T3KMX napaMeTpoB npoLiecca, KaK 
3HaM8HMfl TeMnepaTypw, TennoBoro noTOKa, mx 
npoM3BpAHboc m BpeMeHHoro CMeuteHWfl 
AM HaM MMecKnx 3HaMewnii TeMnepaTypw n 

KOHLteHTpai^HM miOK03bl B KpOBM npM 

nepexoAHbix npOLjeccax. 

npMHqunwanbHbiM pe3ynbTaTOM 

npOBGAeHHblX MCCJieAOBaHMM, flBnflBTCfl 

o6Hapy»eHMe 4>yHKLjMOHanbHOM cb*3m 

KOHLteHTpai^MM mK)K03bl B KpOBM G C 

TeMnepaTypoK T, TennoBbiM noTOKOM F npn 
BbipajKeHHOM npo^BneHMM npMHi^Mna 
ynpe>KAaiOL4ero ynpaBnoHMH, pe3ynbTaTOM 
KOToporo HB/iaeTCfl onepemaiCHAee M3MeHeHMe 
TepwMHecKMx napaMeTpoB npM 

COOTBeTCTByJOlHeM M3MeHeHMM yDOBHfl 
KOHL^eHTpaL^IM fTllOK03bl B KpOBMI 

G(t) = T(T(W) t F(t-r)); 

tao x" BpeMfl onepe)KeHM5i. Ha ocHOBe 
SKcnepMMeKranbHoro oocneAOBaHMH nai^MeHTOB 
ycTawoBneHo, mto BenMHMHa x cocTaBnneT 
nop?vv<a 10-30 MMHyT m sto osHanaeT, mto 
npeAnaraeMbiM cnoco6 no3BonneT c BpeMeHHbiM 
onepe^eHMGM 10-30 MMHyT nporH03MpOBaTb 

M3MeHGHM6 KOHtJGHTpaLJMM mK)K03bl B KpOBM M 

cMmanM3MpoBaTb o npM6nM»eHMM onacHbix 

COCTO«HMM mf0KO3HOr0 06MBHa. 

Bbino ycTaHOBneHo, mto M3M6pGHMe 
TepMMMecKMX napaMeTpoB b ofrnacrM rbnoBHoro 
M03ra (b o6nacTM noeepxHocTHbix boh ronoBbi) b 

0T/1MMM6 OT M3MepeHMM B APyrVIX MaCTflX 

MenoBeMecKoro Tena jyaer 6onee AOctoBepHy© 
MHcfxjpMat^MK), TaK icaK npM 3TOM ycrpaHaeTca 
AononniiTenbHoe BnHflHMG Ha pe3ynbTaTbi 
M3MepeHMM cno>KHbix 6moxm mmmgckmx npoi^eccoB 
npeo6pa30BaHMM oenKOB m >KMpoB. 

B pe3ynbfaTe npMMGHeHM* cnocooa 6bino 
ooHapyrceHO BnMHHMe Ha M3Mep«eMbie 
TepMMMecKMe napaMeTpbi HeKOTOpbix 
MHAMBMAyanbHbix qbaiaopoB (o6iAMfl TOHyc 
opraHM3Ma nauMBHTa, ncMxonorMHecKoe m 
4>M3mmgckog HanpyweHMe, HanpflWGHHbiM" 
MbicnMTenbHbirt npoqecc, HanpnwGHHocTb 
cnyxoBwx m 3pMTenbHbix ljghtdob npw 

MHTGHCMBHOM BOCTlpMATHM M HCjX)p M ai^M M M T.n.). 

Jfyia yneTa noAOOHwx (paKiopoB ripM BbtHMcneHMM 

KOHL(GHTpaL(M M miOK03bl KDOBM nDOBOAHnaCb 

npeABapMTenbnaw nepcoHanbHaa KanM6pOBka 
ycTpOMCTBa Ana kohkogthopo nai^MGHTa c qenwo 
ycTaHOBneHMfl cooTBeTCTBy ioiamx nocToaHHbix 
anropMTMa, y^MTbtBaiou^MX MHAMBMAyanbHoe 
BnnflHMe yKa3aHHbix ^aicropoB Ha pG3ynbTaTW 



onpefleneHMfl KOHqeHTpaLiMM rnioK03bi b kpobm. 

flnfl AocTOBGpHoro npeo6pa30BaHM« . 
M3MepeHHbix BenM4MH TeMnepaTypw m TennoBoro 

nOTOKa B 3HaMeHMfl KOHLfeMTpaL^MM mK5K03bl 

kdobm nenoBeKa pa3pa6*OTaH 4)yHKUMOHanbHbiM 
5 anropMTM G= T(T, F, Wj), nocTpoeHHbiM Ha 

OCHOBQ CfeyHKLlMOHanbHbrX CBA3GM, 

OnpCAGn«GMblX B p63ynbTaTG peUJeHMfl CMCTGMbl 
AMC^GpGHl^ManbHblX ypaBHeHMM, OnMCblBaKDU^MX 

AMHaMMKy paccMaTpMBaeMoro npoi^ecca c 

10 yHGTOM MHAMBMAyanbHblX C^aKTODOB (Wj), 
BnMflHMG KOTOpblX OnpGA6n«K)T Ha OCHOBG 

nepcoHanbHOM Kann6poBKM CMCTeMbi m3mgpghmr 
Ann KOHKpeTHoro nai^MeHTa c Mcnonb30BaHMeM 

HHB33MBHbtX M6T0A0B M npn6opOB, nDOBOAMMOM 

c i4enbio OnpeAeneHMn 3aBMCMMOcreM ot 
15 BpeMeHM TeMnepaTypw, TennoBoro noToxa m 

KOHL^eHTpai^MM mK)K03bl B KpOBM, Heo6xOAMMblX 

Ana nocTpoeHMH c|>yHKHMOHanbHoro anropMTMa. 

CMCTGMa AHcfxfcepeHLiManbHbix ypaBHeHMM 
AMHaMMKM npoL;eccoB M3MeHeHMfi TeMnepaTypw, 
TennoBoro noTOKa m KOHL(eHTpaL4MM rnroK03w 
20 KpOBM b o6ujeM bmag mo>kgt 6biTb npeACTaBnGHa 

K3K 

X*g=XVX* 2 , 

rflpX'i^WTnCsJXV, 
X*2=KnWTn(s)X*n, 
25 X* g = AXg/Xgo - 6e3pa3MepHoe oTKnoHeHMe 

KOHL^eHTpai^MM 171IOK03W B KpOBM OT 

ycTaHOBMBiuerocfl 3HaMeHMq, 

X* T = aXt/Xto - 6e3pa3MepHoe otioiohghmg 
TeMnepaTypw ot ycTaHOBMBiuerocfl 3HaqeHMfl, 
30 X*n= AXn/Xno - 6G3pa3MepHOG OTKnoHeHMe 
TennoBoro noTOKa ot ycTaHOBMBiUGroca 

3HaMGHMfl, 

XgO. X TOt Xno - yCTaHOBMBUJMeCfl 3HaHGHMJ? 
COOTBeTCTBOHHO KOHL|GHTpai4MM rJl(0«03bl KDOBM, 

TeMnepaTypw m TennoBoro noTOKa Tena: 
35 AXg=Xg-Xgo, aXt=Xt-X T o, AXn-Xp-Xno* 

Xg, X T , X n - TeKyunMG 3HaMeHM« 
KOHi^eHTpauMM rnioK03W b kpobm, TeMnepaTypbi m 
TennoBoro noTOKa, 

WTn(s)=1/(T T ns+1) - nepeAaTOMHaR 4>yHKi4M« 
40 KOHLieHTpaqMM rnfOK03bi b kdobm no Tewnepaiype 
m TennoBOMy noTOKy, 

Kp - OKcnepMMGHTanbHO onpeAGnaGMbi^ 
6G3pa3MepHWM Koacfxj^MLiMeHT, 

s=d/dt - onepaTop A«c|xt)epeHi^ipoBaHMfl, 

T Tn - 3KcnepMMeHTanbH0 onpeAenneMan 
45 nocTORHHan BpeMeHM nepexoAHoro npoi^ecca. . 

npeAno)KeHHbi^ cnoco6 noATBep>«AeH 
npMMepaMM. 

npMMGp 1. npOBOAMnMCb M3MGDGHM« 

TeMnepaTypbi m TennoBoro noTOKa HaA 
00 noBGpxHocTHOfl bghom ronoBW v.jugularis 
GXterna m c Mcnonb30BaHMGM (tyHKLiHOHanbHoro 
anropMTMa BWMMcnJinacb KOHi^eHTpai^Mn 
rnK)K03w b kdobm y oonbHoro A. riapannenbHO 
npOBOAMnMCb M3MepeHM« KOHt^eHTpa 14M m 

H1KDK03W KDOBM y 3TOrO OOnbHOTO AMaOGTOM 

55 MHB33MBHWM npM6opoM ONE TOUCH. B Hanana 
ceaHca MSMGpeHMfi McnbrryeMWM noooeAaji. 
Pe3ynbTaTbi M3MepeHM^ m pacMGTa npMBGAGHW b 
Ta6nMi4G 1. 

nonyMGHHoe bdgmr 
onGpGMCGHMn x paBHRnocb 10 MMHyraM. M3 

60 CpaBHGHMfl pG3ynbTaTOB M3MepeHMM 

KOHL^GHTpat^MM rnx)K03W KDOBM, onpeAeneHHbix 
npeAno>KeHHWM cnocoboM m mhb33mbhwm 

MeTOAOM, BMAHO, HTO OHM OTnMMaKJTCfl HG 6onGG 

MeM Ha 10%. 

riDMMGp 2, llpOBOAMnMCb M3MGpGHMfl 

TeMnepaTypbi m TennoBoro noTOKa HaA 



nosepxHocTHOM eeHofi ronoBbi v.jugularis 
externa m c ncnojib308aHneM 4>yHKu>ioHajibHoro 
anropMTMa BbNMcnanacb KOHueHTpaijMfl 
rmoiowbi b kdobm y naijMeHTa 6, He CTpaAaioinero 
Ana6eTOM. (lapanne/ibHO npoBQAMnwcb 
H3MepeHM« KOHU.eHTpau.MM rntoKoabi kdobm y 
3Toro nai4neHTa MHBa3MBHbiM npn6opoM ONE 
TOUCH. B Hana/ie ceaHca M3MepeHM& 
Mcnbrryewbi^ Bbinnn cTaxaH cnaAKoro nan. 
Peay/ibTaTbi M3MepeHMM m pacseTa npMBBAeHbi b 
Ta6nMu,e 2. 

BpeMfl onepeweHMR x paBH*nocb 14 

MMHVTaM. H3 CpaBH6HMR pe3y/1bTaT0B 

M3MepeHnft KOHqeHTpamiM rnK)K03bi Kpoen, 
onpeAeneHHbix npeAnoweHHbiM MeTQAOM h 

MHBa3MBHbiM MeTQQOM, BHflHO, MTO OHM 

omMMawTCJi He 6onee MeM Ha 10%. 

nonyMeHHbte HaMM sKcnepMMeHTanbHbie 
AaHHbte nosBoriM/ivt npeflno>KHTb cnoco6 
ynpe)KAaK)L^eM CMmanM3auMM 06 onacHbtx 
coctohhmax m»OK03Horo o6MeHa, 
npuHi^nnwanbHo cmMMaiomMMCfl or M3BecTHbix 
no ^OKann3ai4HM 30H H3MepeHnn m anropMTMy 
nepeoieTa M3MepeHHbix TeMnepaTypbi . m 
TennoBoro noTOKa b KOHUBHTpau,MK> rnioK03bi b 

KpOBH, TO KOHCTpyiCl^HM yCTPOMCTBa M 

AocTMraeMOMy pe3ynbTaTy. 

Ha <|wr. 2 npeACTaBJieHa cxeiwa ycTpoMCTBa 
Ana peanM3aiyiM npeflnaraeMoro cnoco6a. 

yCTpOMCTBO COflep>KMT npy>KMHHblM 

HaronoBHMK 1 , a^tmhk TeMnepaTypbi m TennoBoro 
noTOKa 2 Ha ocHOBe anwia3Hbix TepMMCTopoB 
TA-1 c TennoBort M30Jiflu,MeM" M3 anacTMMHoro 
MaTepnana neHononnypeTaHa Ha ynpyroM 
sneMeHTe 3, KOMnbfOTepHbiM MOAynb 4 
M3MepiiTeribHoro ycTpoiiCTBa Ha 6a3e HoyT-6yKa 
"CompacT c AHcnneeM 5 m vctpohctbom 
3ByKOBofi CHmanM3ai4HM 6. 

flpy>KMHHblCt HaronOBHMK 1 4>MKCMpyeT A3TMMK 

2 HaA noBepxHocTbio BeHW ronoBbi, HanpMMep 
v.jugularis externa, KOTopbiH npvuKMMaeTCfl m 
4)MKcnpyeTc« c TOHHocTbJo 0,5-2,5 mm ynpyrviM 
aneMeHTOM 3. flaTMwc M3MepaeT TeMnepaTypy m 
TennoBoii noTOK m nepeAaeT pesynbTaTbi 

M3MepeHMM B KOMnblOTepHblM MOAynb 4, KOTOpblM* 

4>opMMpyeT pe3ynbTaTbi M3MepeHMM* KaK 
cj)yHKU>iM BpeMeHw, perncTpupyeT mx b naMATM n 
npeo6pa3yeT mx b 3HaMeHnn Texyu^eM m 
npomo3HpyeMofi KOHL|e mpau^i m rntoxosbi kpobh, 
a Taiwe onpeAenaeT BpeMn onepeweHHH x, 
nocpeACTBOM ncnonb30BaHMR <$>yHKU,MOHanbHoro 
anropMTMa n Ha . ochobg pesynbTaTOB 
npeABapMTenbHOM Kann6poBKM, oTpa>KaeT 
AaHHbie Ha A^cnnee 5 m (JropMMpyeT 3ByKOBOM 
ynpe^arou^MM TOHanbHbin cwman 06 onacHbix 
coctohhmhx rn»OK03Horo o6MeHa c noMombio 
MOAynfl 3BVkobom CMmanM3au>iM 6. TennoBan 
M3onflu>i5i M3 anacTHMHoro MaTepnana 3aii|MmaeT 
AaTMMK ot B03AeMCTBM« BHeuiHeM cpeAbi M 
yBenuMMBaeT TOHHOCTb M3MepeHH«. ycrpoMCTBO 
Tpe6yeT nepHOAMMecKoft (1-2 pa3a b HeAenio) 

OLteHKM M npM Heo6X0AMMOCTM KOppeKTMpOBKM 

Kann6poBKM nepcona/ibHO Arm koh KpeTHoro 
naqneHTa, b pe3ynbTaTe nero onpeAenntoT 
3MnnpnMecKMe nonpaBOMHbie KOstfxJjMiyieHTbi, 
KOTopwe bboaatc« b KOMnbMDTepHbiM MOAynb 4 M 
yTOMHfuoT HacTpoHKy ycTpowcTBa ynpe>KAaK)U4efi 
CMmanvi3au>iH Ha Tpe6yeMbie ypoBHH ee 
cpa6aTbiBaHiifl, cooTBeTCTBytomMe, HanpMMep, 

3HaMeHHPM KOHl^eHTpat4MM mK>K03bJ B KpOBH 4 

MMonb/n (hm)khhm ypoBeHb) m 8 MMonb/n 
(sepxHMH ypoBeHb), OqeHxy Kann6poBKn 
npOBOA^T nyreM M3MepeHM« KOHi^eHTpau^M n 
miOKOSbi b kpobh nai^neHTa KaKHM-nn6o 
MHBa3MBHbiM rnioKOMeTpoM Mepe3 BDeMW OT 



MOMeHTa cpa6aTWBaHMn CMrHanM3ai4MM, paBHoe 
onpeAeneHHOMy npM nepBOHana/ibHoft 
Kann6poBKe BpeMeHM ynpewAeHMn x, 
ceoftcTBeHHOMy opranvi3My 3Toro nau^teHTa, m 
cpaBHeHun noKaaaHHoro Ha AMcnnee ycTpo^CTBa 
3HaMeHHn KOHi^eHTpauvivi mf0K03w b kdobm c 
noKa3aHM6M MHBa3M BHoro rnKDKOMeipa. 
KoppeKTMpOBKy Kann6poBKM M HaCTpOVIKVI 
cnmanM3au>iM npon3BOA«T b tom cnyMae, xorAa 
pa3nkiHHe noKasaHUM ycipoiicTBa m v\ h b a3n BHoro 
10 rnioKOMeTpa npeBbicMT AonycTMMyK) se/iMMMHy, 
nanpHMep 1 mmo/Wr 

B KawecTBe n3MepnTenbHoro aneMeHTa 
TeMnepaTypbi m TennoBoro noTOKa b ycTpoflcTBe, 
peann3yfou4eM npeAnaraeMbtM cnoco6, mokgt 

6bTTb npVIMGHeH Z-TepMUCTOp, KOTOpblfl B 

15 OTJumMe ot NTC-TepMMCTopa o6naAaeT 6onee 

BblCOKOrt MyBCTBMTe/tbHOCTbK> M CnOC06HOCTblO 
4)MKCaL4MH HSKOTOpO^ 3apaH©e Bbt6paHHOM 

TeMnepaTypbi pe3KHM vt3MeHeHneM cbomx 
napaMeTpOB, mto AaeT B03M0)KH0CTb nonyMHTb 

HHC^)OpMaL^HK) O AOCTVDKeHMM KOHL^eHTpat^MeA 

20 rni0K03bi b kdobm onpeAeneHHoro 3apanee 
BbiCTaBn«eMoro noporosoro ypOBHfl, 3a 
npeAenaMM KOToporo HacTynaeT yrpo3a 
3AopoBbK> AaHHoro namieHTa. . npMMeHeHHe 
Z-TepMHCTOpa o6ecneMHBaeT Taioxe 
B03Mo>KHOCTb HenocpeflCTBeHHoro 
npeo6pa30BaHMfl M3MeHeHM« TeMnepaTypw b 
M3MeHeHMfl MacTOTbi n aMnriMTyAW BbixoAHoro 
HanpaweHHfl (B.fl. 3otob. Z-TepMMcropbi, CHIP 
News. T. 1(34) t c. 37, 1999). 3to 
cyu^ecTBeHHo ynpou^aeT aneiapoHHyK) cxeMy w 

3Q nosBonneT 3HannTenbHO CHM3HTb CTOMMOCTb 
HOCMMoro nam-ieHTOM ycTpoMCTBa. B Han6onee 
npocTOM m fleujeBOM Bapname B03MO)KHa 
BblAaMa MH^OpMai^MM O AOCTM>KeHMM pa3riMHHbix 

yposneCi koh L|eHTpaL\M n rnK3K03bi c noMou^bK) 
3ByKOBbix curwanoB paannMHoii MacTOTbi. 

35 HanpuMep, npw AOCTM)KeHMii KOHqeHTpanweM 
rniOKOSbi KPOBH Bepxnero AonycTHMoro npeAena 
ee 3HaneHHM BbiAaeTca BwcoxoMacTOTHbiH 
3ByKOB0ft cwman, a npM aoctidkbhhm HH>KHero 
npeAena - HH3KOMacTOTHb»fl 3syKOBOM cuman. 
3to cyu^ecTBeHHO ynpoujaeT KOHCTpyicu>iK> 

40 ycTpoMCTBa m AaeT B03M0)KH0CTb nai^neHTy 
nonyMaTb TexyiAyio ynpe>KAaK)U4yK) HHc^topMau^io 

O AOCTH)KeHMM KOHL^eHTpai^vievi rn>0K03bl KDOBM 
TOrO MJ1M MHOrO 4>MKCMDOBaHHOrO ypoBHfl c 

uje/ibK) npMH«TM« Mep nnn era M3MeHeHM«. 

npMMeHeHMe b ycTpowcTBe Z-TepMMCTopa 
noaBonfieT c noMombio npocTeiiujeR cxeMW 
peannsoBaTb era pa6oTy b 

MacTOTHO-aMn/iMTyAHOM pe^MMe, to ecTb c 
MSMeHeHweM TeMnepaTypbi m TennoBoro noToxa 
nponopi^MOHanbHO m smbhx kjtcj? MacTOTa m 

5q aMnnMTyAa aneiapMHeooix MMnynbcoB. 
MyBCTBMTenbHOCTb AaTHMKa npM stom 
cymecTBeHHO Bbiuje no cpaBHeHMK) c astmmkom, 
Mcnonb3yK>u^MM NTC-TepMMCTop. Pa6oTa b 
aMruiMTyAHO-MacroTHOM pe)KMMe no3Bon«eT 
Mcnonb30BaTb ycMnwTe/ib nepeMeHHoro TOKa, mto 

55 AaeT B03M0>KH0CTb AocTwrnyTb nyMUJero 
cooTHOujeHMfl cMman/iuyM m noBbJCMTb 
CTa6MnbHocTb pa6oTbi ycTpoMCTBa, a Taioxe 
ynpomaeT MHTep4)efic nepeAaMM AaHHbix b 
KOMnbioTepHbift MOAynb ycTpowcTBa. 

npM npOBeAeHMM COB peMeHHOM M HTeHCM BHOM 

60 MHcynMHOTepanMM 6onbHoro caxapHbiM 
AMa6eTOM npMMeHeHMe npeAnaraeMoro cnoco6a 
m ynoM«HVToro ycTpoMCTBa b coneTaHMM c 
M3no)xeHHOM MeTOAMKOM nepcoHanbHOM 

Ka/1M6pOBKM, ee OqeHKM M KOppeKTMpOBKM 

no3BonMT . ocymecTBnflTb nenpepbiBHoe 
cne)xeHMe 3a cocTOHHMeM rnioK03Horo o6MeHa b 



opraHM3Me 6onbHoro caxapHbiM flna6eT0M, c 
ynpe>KAeHneM no BpeMeHU cMmanM3MDOBaTb 06 
onacHbix oTKnoHeHM^x ero ot HopMbi, coKpaTMTb 
KonnnecTBO 3a6opos kdobm f\na aHann3a n 
pacxofl floporocTO«inMx Tecr-nonocoK k 

171)0 KOMBTDaM DOnee MBM B 10 D83 no CpaBHGHHK) 

c Mcnonb30BaHneM una ijenew mhtbhcmbhoC* 
MHcynnHOTepanMH o6bNHbix MHBa3HBHbix 
rmoKOMBTpoB, KorAa nai^neHT AonweH 
BweAHeBHO npoBOAHTb 5-7 3a6opoB kdobm H3 
nanbi^a c Mcno/ib30BaHMeM TecT-nonocoK. 

Hcnonb30BaHne peariM3yiomero 3anBneHHbift 
cnoco6 ydpoMCTBa noaBonuT ocymecTBHTb 

HenpepblBHbM HeMHBa3MBHblM MOHMTOpMHr 

coctohhm* rnwK03Horo o6MBHa 6onbHoro 
caxapHbiM Ana6eTOM, ynpewAajomyro 
cnrHanM3ai4MK) 06 onacHbix cocToaHMflx SToro 
o6MeHa npw npocroTe KOHCTpyKijMM ycTpo&CTBa, 

HM3KOM CTOMMOCTM erO nDOM3BOACTBa M 
3Kcn ny 3T3 14MM , HOCMMOM nai^neHTowi MCnOJlHeHMM 
M BblCOKMX TeXHMKO-3KCnjiyaTaiJM0HHblX 

cBoficTBax raKoro ycTpoPiCTBa. 

OopMyna M3o6peTeHWfl: 

1. Cnoco6 HBMHBa3MBHoro onpBABJieHkiji 

KOHLieHTpaLJHM ITlK)K03bl B KpOBM, BKHKNafOLAMtf 

ncno/ib30BaHwe M3MepMTenbHoro ycTpoficTBa, 

OTHMHaroiUMMCH TeM, HTO npoBOA^T 
HenpepblBHblR MOHMTOpMHr KOHljeHTpai^MM 



miOK03bi b kdobm nyTeM M3MepeHMH b o6nacTM 
noBepxHOCTHbix BeH ronoBbt TewinepaTypbi Te/ia 

M KOHAyKTMBHblX TBn/lOBblX flOTOKOB C nOMOl^bK) 

AaTMMKOB MdMepMTeribHoro ycTDOMCTBa, a 
KOHueHTpaqMK) r/iK>K03bi (Xg*) onpeAen«K>T no 

4>opMyne Xg = XS+X 2 \ me W Tn (s)X T *. 
X2*= KnVMsJXn*. r fl e X T * - 6e3pa3Mep H oe 
OTicnoHeHMB TeMnepaTypbi ot ycraHOBMBtuerocR 
3HaMenMfl, X n * - 6e3pa3MepHoe otk/iohbhmb 
TennoBoro noTOxa ot ycTaHOBMBLuenoca 

10 3HaweHM«, WTn(s)= 1/(T-rns+1) - nepeAaTOHHan 
4>yHKi4Mfl KOHi^eHTpai^MM mK>K03bi b kdobm no 
TeMnepaType m TennoBOMy noTOKy, T Tn - 
sKcnepn MBHTanbHo onpeAermeMafl nocTOAHHaa 
BpeMBHM nepBxoAHoro npoijecca, Kn 

15 3KcnepMM8HTanbH0 onpeAenaeMbifi 

6e3pa3MepHbift KoscJxfcMLiMeHT, s= d/dt - 
onepaTop AH<4xJ)epeHL^poBaHUH. 

2. Cnoco6 no n. 1, oTnMMaiOLijMMCfl TeM, hto 
b KanecTBe astmmkob TeMnepaTypbi Mcnonb3yioT 

Z-TepMMCTOpbl, KOTOpblO C^>MKCMpyiOT Ha 

20 noBepxHOCTM ronoBbi c noMombio ynpyroro 
sneMeHTa m M3onMpyK>T ot BHeujHeM cpeAbi 
TennoBOM M3onfii^MeK. 

3. Cnoco6 no nn. 1 m 2, OTHMMaiouiMMCfl TeM, 

MTO CMrHaJlM3aL^MIO O KOHUeHTpaL^MM mK)K03bl 

25 ocymecTBnajoT c noMOL^bK) TOHanbHoro CMmana 
m AMcnnefl. 
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medicine. SUBSTANCE: method involves determining blood 
glucose concentration by means of measuring instrument. 
Continuous blood glucose concentration monitoring is carried out by 
measuring heat flows in the area of head superficial veins by means 
of measuring instrument transducer. Glucose concentration ((X*g)) 
is calculated from a formula X*g = X*1+X*2, where X*1 = VVThf(s) 
X*T, X*2 = KhfWThf(s)X*hf„ where X*T - the dimensionless 
temperature from steady state value, X*hf - the dimensionless heat 
flow deviation from steady state value, WThf(s) = 1/( TThf x S+1) is 
the transition function of blood glucose concentration with respect to 
temperature and heat flow, TThf is the experimentally stated 
transient process time constant Khf is the experimentally stated 
dimensionless coefficient, s = d/dt is the differentiation operator. Z- 
thermistors are used as temperature pickups pressed against head 
surface by means of elastic member and insulated from ambient 
space by means of heat insulation members. Glucose concentration 
information is represented by means of tonal signal and display unit. 
EFFECT: enhanced accuracy of measurements. 3 cl, 2 dwg, 2 tbl 
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